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(57)Abstract: 

PURPOSE: To produce a high quality sputtering target capable of giving a sputtered film thickness excellent 
in uniformity by performing sufficient secondary forging at a temp, not higher than the transformation point in 
succession to primary forging at a temp, not lower than the transformation point, at the time of forging a high 
purity titanium material. 

CONSTITUTION: Primary forging, combining cogging with upsetting, is applied one or more times to a high 
purity titanium material at a temp, not lower than the transformation point (desirably about 900-950°C) so that 
forging ratio becomes >5 (desirably <10) to destroy cast structure. Subsequently, secondary forging, 
combining cogging with upsetting, is done one or more times at a temp, in the range not higher than the 
transformation point and not lower than about 500°C so that forging ratio becomes £5 (desirably about 15-20) 
to accumulate working strain. By this procedure, crystalline grains can be refined in the following rolling and 
heat treatment stages. By this method, the titanium target for sputtering, improved in film thickness 
uniformizing effect, can be obtained. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0001] 

[Industrial Application] This invention relates to the forging approach of high grade 
titanium material used for manufacture of the titanium target for sputtering. 
[0002] 

[Description of the Prior Art] In manufacture of a semi-conductor device, in order to 
form a wiring material and a barrier metal in a semiconductor device, the thin film 
coating technology of the high grade titanium by sputtering is used. The high grade 
titanium target used for this sputtering is usually manufactured through each process of 
casting, forging, rolling, and heat treatment. 

[0003] By the way, in order to attain equalization of spatter thickness, while detailed- 
ization of crystal grain is needed, therefore preparing a configuration with forging and 
rolling, he is trying to control the diameter of crystal grain by recrystallization by rolling 
and heat treatment in such a titanium target for sputtering. 

[0004] Although forging was conventionally performed for the purpose of plastic surgery 
of a casting, and it was carried out here in order that manufacture of the titanium target 
for sputtering might also prepare the configuration of a casting in the configuration of 
having been suitable for rolling, chiefly, partly, it was used also for destruction of cast 
structure. For example, although it is not for manufacturing a sputtering target, when 
forging ratios 5-8 are forged at the temperature more than the transformation point by the 
repeat of cogging and a lump [ set ] in forging of a titanium alloy and 3-4 are forged into 
JP,62-286639,A at the temperature below the transformation point, it is shown that 
crystal grain was made detailed. 
[0005] 

[Problem(s) to be Solved by the Invention] Also in the case of high grade titanium, the 
forging by the repeat of such cogging and a lump [ set ] is effective in destruction of cast 
structure. However, the effect which rolls out and heat-treats the forging of the high grade 
titanium, and it has on equalization of spatter thickness also as a sputtering target was 
small, and the effectiveness with effectiveness was not acquired. 
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[0006] The purpose of this invention is to offer the forging approach of the high grade 
titanium for manufacturing the high titanium target for sputtering of the thickness 
equalization effectiveness. 
[0007] 

[Means for Solving the Problem] In order to manufacture the high titanium target for 
sputtering of the thickness equalization effectiveness, this invention persons repeated the 
experiment paying attention to the forging process. Consequently, forging by the repeat 
of cogging and a lump [ set ], especially forging in the temperature below the 
transformation point are important in manufacture of the titanium target for sputtering, 
Not functioning enough, when the repeat forging shown in JP,62-280639,A manufactures 
a sputtering target By being because forging in the temperature below the transformation 
point running short, equivalent [ to forging in the temperature more than the 
transformation point ] or making forging in the temperature below the transformation 
point bigger than this It became clear that the sputtering target manufactured from the 
forging shows the high thickness equalization effectiveness. 

[0008] In the forging process of the high grade titanium material for this invention having 
been made based on this knowledge, and manufacturing the titanium target for sputtering 
After performing primary forging which combined cogging and a set lump once or more 
so that a forging ratio may become five or more at the temperature more than the 
transformation point, Let the forging approach of the high grade titanium material 
characterized by performing secondary forging which combined cogging and a set lump 
so that a forging ratio might become five or more at the temperature below the 
transformation point once or more be a summary. 
[0009] 

[Function] High grade titanium points out the thing more than 4-N5 (99.995%) by the 
forging approach of this invention. Moreover, it is the value which totaled cogging and 
each area ratio which sets and comes out as the forging ratio as shown in drawing 1 . And 
by the forging approach of this invention, five or more primary forging and secondary- 
forging are performed for a forging ratio. 

[0010] Primary forging aims at destruction of cast structure. Therefore, this processing is 
performed at the temperature more than the transformation point when workability is 
good. However, forging temperature high beyond the need promotes oxidation on the 
front face of an ingredient. Desirable forging temperature is 900-950 degrees C. The 
forging ratio in primary forging was made or more into five because destruction of cast 
structure ran short less than [ this ]. However, since more nearly secondary forging 
mentioned later does not have semantics with big workability but big workability 
becomes the cause of worsening economical efficiency rather, as an upper limit of a 
shaping ratio, ten or less are desirable, and this processing is enough as the count of 
processing at once. 

[001 1] Secondary forging aims at are recording of processing distortion. Since processing 
is performed by primary forging at the temperature more than the transformation point 
with sufficient workability, processing distortion cannot be accumulated even if it can 
destroy cast structure. When recrystallization is promoted by ** which accumulates 
processing distortion by secondary forging by rolling and the heat treatment process 
following this and detailed-ization of crystal grain is attained, the sputtering target 
becomes the thing excellent in the homogeneity of thickness. In order to accumulate 
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processing distortion, casting temperature in secondary forging is performed at the 
temperature below the transformation point which is not good as for workability. 
However, since there is a possibility that a crack may arise in processing when forging 
temperature is too low, as a minimum of the forging temperature in secondary forging, 
500 degrees C or more are desirable. As workability, a five or more minimum forging 
ratio is required, and 20 or more are still more desirable desirably [ ten or more ]. 
However, when economical efficiency is taken into consideration, 10-20 are desirable 
and 15-especially 20 are desirable. The count of processing is [ two or more ] also 
desirable, and especially 3 times are desirable. 

[0012] Using the combination of cogging and a lump [ set ] for destroying cast structure 
and making a macrostructure into homogeneity in primary forging and secondary forging, 
it is for accumulating processing distortion and making detailed subsequent rolling and 
crystal grain in a heat treatment process by making a forging ratio increase in secondary 
forging by making a forging ratio increase in primary forging. 
[0013] 

[Example] The example of this invention is shown below and effectiveness of this 
invention is clarified by contrasting with the example of a comparison. 
[0014] 99.995% (4N5) of high grade titanium ingot which shows an impurity in Table 1 
was forged on condition that Table 2. to the forging in a monograph affair, it set with 
cogging, and the lump direction was alike, respectively, it received and the 
macrostructure judging of a perpendicular cross section was performed. The acceptance 
standard of a macrostructure judging was set to 5mm or less by the maximum length of 
crystal grain. 
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[Table 2] 



No. 


I0SK 

900 r 
11 ft 


no - 
toot 
* ft 


wtn 

ifa 

m m 

« % 


ttftRtt 

(*m> 




it 


ttO 

fit 
It 


«* 

it 


H9 

It 




l 








s 




1 2 




5 




4 




5 


*MUMttr 


1 1 




I 4 




h 


I 


S 


Iff 


1 0 




1 S 


1 






ft 




1 2 




) 7 


t 






ft 


*MUttft 


1 2 




7 




1 




ft 




] 1 




7 




1 0 


t 


ft 


10 


1 




7 




1 4 


2 


ft 


10 


7 




7 




2 0 


1 


ft 


1 0 


5 




5 




5 


1 


ft 


so 


1 




1 0 




1 5 


1 


ft 


1 s 


7 




M 




1 0 


1 


ft 


so 


1 



3 



[0017] After rolling out the forging in a monograph affair at the heating temperature of 
300 degrees C 5 and 50% of rolling reduction, 500-degree C heat treatment was performed 
and it considered as the sputtering target. The diameter of crystal grain of a target was 
measured with the intercept method. Moreover, sputtering was performed using each 
target and thickness distribution was measured. The average thickness of the thin film 
formed of sputtering is about 5 00 A, and thickness distribution was expressed with the 
(maximum thickness-minimum thickness) / (average thickness x2) xl00(%). 
[0018] InNo.l, since combination of cogging and a lump [ set ] was not adopted by 
primary forging and secondary forging was not performed, either, the macrostructure of a 
forging became a rejection, the non-recrystallized grain remained also in the target which 
received rolling and heat treatment, and spatter thickness distribution was 12%. Even if it 
performs secondary forging like No.2 and 3, spatter thickness is not equalized so much. 
[0019] Although the macrostructure of a forging was passing in No.4 and 5 since 
combination of cogging and a lump [ set ] was performed by primary forging, the non- 
recrystallized grain remained in the target and spatter thickness distribution was not 
different from the case of No.l . Even if it performs secondary forging like No.6, and it 
carries out workability in primary forging to it being inadequate greatly, spatter thickness 
is not equalized so much. 

[0020] Since combination of cogging and a lump [ set ] was performed by primary 
forging and secondary forging No.7-12 and processing sufficient by the secondary 
forging was performed to these, the detailed crystal grain in which the macrostructure of 
a forging is passing and a target does not have a non-recrystallized grain, either was 
obtained, consequently distribution of spatter thickness was equalized sharply. 
[0021] 

[Effect of the Invention] By performing sufficient secondary forging below in the 
transformation point after primary forging more than the transformation point, the forging 
approach of the high grade titanium material of this invention can offer the quality 
titanium target for sputtering excellent in the homogeneity of spatter thickness, and 
contributes to high integration of a semi-conductor device etc. as explained above. 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing combination processing of cogging and a lump [ set ], 
and the forging ratio in the processing. 

[Claim(s)] 

[Claim 1] The forging approach of the high grade titanium material characterized by 
performing secondary forging which combined cogging and a set lump so that a forging 
ratio might become five or more at the temperature below the transformation point once 
or more after performing primary forging which combined cogging and a set lump once 
or more in the forging process of the high grade titanium material for manufacturing the 
titanium target for sputtering so that a forging ratio may become five or more at the 
temperature more than the transformation point. 
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